Use of monoclonal antibodies directed against rat macrophages and serial pancreatic biopsy in the prediabetic period have enabled us to document the involvement of macrophages in the pancreatic events leading to onset of diabetes in the spontaneously diabetic BB/E rat. A few weeks before onset of disease, there is marked recruitment and accumulation of ED1 + macrophages at periductal and perivascular locations adjacent to noninfiltrated islets. These recruited cells, distinct from the resident ED2 + tissue macrophages, then infiltrate the islets. Infiltration of the pancreas by ED1 + macrophages is therefore a very early event in the prediabetic period and suggests a possible role for macrophages in the pathogenesis of insulin-dependent diabetes mellitus (IDDM) in this animal model. Diabetes 37:1301-304,1988 T he BB rat develops a diabetic syndrome closely resembling human insulin-dependent diabetes mellitus (IDDM) (1). In a prospective longitudinal cohort study in which batches of prediabetic BB/ Edinburgh (BB/E) rats were killed at intervals in the prediabetic period, we have previously reported the presence of 0X19 + (T-) and W3/25 + (helper T-) lymphocytes in the early stages of pancreatic infiltration (2). However, because W3/ 25 also recognizes certain macrophage populations (3), it is important to use a different marker to allow discrimination between T-lymphocytes and macrophages. Recently, several monoclonal antibodies (MoAbs) identifying distinct rat macrophage subpopulations have been described (4). We have used these along with serial pancreatic biopsy in in- dividual animals to investigate a possible role for macrophages in the development of diabetes in BB/E rats.
T he BB rat develops a diabetic syndrome closely resembling human insulin-dependent diabetes mellitus (IDDM) (1) . In a prospective longitudinal cohort study in which batches of prediabetic BB/ Edinburgh (BB/E) rats were killed at intervals in the prediabetic period, we have previously reported the presence of 0X19 + (T-) and W3/25 + (helper T-) lymphocytes in the early stages of pancreatic infiltration (2) . However, because W3/ 25 also recognizes certain macrophage populations (3) , it is important to use a different marker to allow discrimination between T-lymphocytes and macrophages. Recently, several monoclonal antibodies (MoAbs) identifying distinct rat macrophage subpopulations have been described (4) . We have used these along with serial pancreatic biopsy in in-dividual animals to investigate a possible role for macrophages in the development of diabetes in BB/E rats.
MATERIALS AND METHODS
The animals used in this study were from the Edinburgh colony of BB rats, the nucleus of which was kindly donated in 1982 by P. Thibert (Animal Resources Division of Canada, Ottawa). The BB/E colony consists of two sublines of animals created by selective breeding. The diabetes-prone main line has a 60-70% incidence of diabetes, with the mean age of onset -96 days. The diabetes-resistant subline has an incidence of diabetes of < 1 % at 120 days. Animals (20 male, 20 female) were selected at random from age-matched diabetes-prone litters. All animals were monitored daily in relation to body weight and glycosuria. Animals developing overt diabetes were maintained on a single daily subcutaneous injection of Ultratard insulin (Novo, Copenhagen). Animals from the diabetes-resistant subline and normal Wistar rats were used as nondiabetic and non-BB control rats, respectively. Protocol. Pancreatic biopsy was performed essentially as described by Logothetopoulos et al. (5) . Eight groups (n = 5) of diabetes-prone animals were biopsied twice (with a 10-day interval) between 30 and 110 days of age. Animals developing diabetes received a third biopsy at onset of disease. Biopsies were also performed on diabetes-resistant animals (n = 12) and on normal Wistar rats (n = 6) between 100 and 120 days of age. Biopsies (50-75 mg of tissue) were immediately snap frozen in isopentane at -70°C for subsequent immunohistochemical examination. One hundred twenty serial cryostat sections (4 fxm) were cut from each biopsy. Scan slides with 8 sections/slide, each section taken at a different level through 80 fim of tissue, were used as an initial screen to detect areas of pancreatic infiltration with class II MHC-positive cells. Detailed analysis of areas with infiltration via the antisera listed below were performed by referring back to subsequent serial sections coincident with the areas represented by the scan slides. of Pathology, Oxford, UK): MRC-OX6 (rat la or MHC class II cytes); MRC-OX33 (rat leukocyte-common antigen, present antigen); MRC-OX8 [cytotoxic/suppressor T-lymphocytes only on B-lymphocytes); W3/25 (helper T-lymphocytes and and natural killer (NK) cells]; MRC-OX19 (pan-T-lympho-macrophages). The MoAbs ED1 and ED2 directed against distinct antigenic determinants on rat macrophages were obtained as ascites fluid (Serotec, Oxford, UK; 4). Novo supplied the polyclonal antiserum M1183, raised in guinea pig against insulin-containing cells. A rabbit anti-glucagon antiserum was obtained from Immunodiagnostics (Washington, UK). Immunofluorescence staining. Cryostat sections (4 |im) of biopsy samples were air dried, acetone fixed for 10 min, and screened with the antisera. Clone supernatants were used at 1:2 to 1:10 dilution in phosphate-buffered saline (PBS, pH 7.6) containing 10% normal rat serum. Ascitic fluids and polyclonal antisera were applied at 1:50 to 1:100 dilution in PBS containing 10% normal rat serum for ascites or 10% nonimmune serum from the host species in which the antisera were raised for the polyclonal antisera. Sections were incubated with the antisera for 60 min at 25°C. Reactions of MoAb binding were revealed with species-specific biotinylated sheep F(ab')2 anti-mouse IgG (Amersham, Aylesburgh, UK), followed by fluoresceinated or Texas red-conjugated streptavidin (Amersham). Endocrine cell markers were revealed with the corresponding fluoresceinated or rhodaminated antibodies to guinea pig or rabbit immunoglobulins (Cambridge Bio Science, Cambridge, UK). A 10-min washing period with 3 changes of PBS followed each application. After mounting, sections were examined under a Leitz Orthoplan microscope fitted with a fluorescence vertical illuminator and filter blocks for revealing fluorescein and rhodamine/Texas red fluorochromes. Photographs were taken on Ektachrome ASA 400 film with automatic exposure.
RESULTS AND DISCUSSION
Each biopsy can only reflect a part of the total pancreas at a single time point. However, by using scan slides to screen whole islets within many pancreatic lobules, we can describe changes in pancreatic morphology leading to insulitis within individual and multiple islets.
The normal tissue distribution of cells identified by MoAbs ED1 and ED2 was assessed by use of pancreatic sections from normal Wistar rats and animals from the diabetes-resistant subline. ED2 revealed a resident population of tissue macrophages present in all biopsies from all groups of animals. These cells were prominent lining the septa between pancreatic lobules and were widely dispersed throughout the connective and acinar tissues but were not present within islets (Fig. 1 A) . Fluctuations in the degree of dispersion and number of ED2 + cells found between biopsies in individual animals were minimal and may have been a consequence of the biopsy. Biopsies from diabetes-prone animals at all ages showed a similar tissue distribution. There was no correlation between distribution of ED2 + cells and onset of diabetes in individual animals. Indeed, ED2
+ cells were not found in any islets showing insulitis.
In contrast, ED1 revealed a separate population of pancreatic macrophages distinct from ED2 + cells. In the normal control pancreases and biopsies from diabetes-prone animals at an age when insulitis has never been observed (40 days), ED1 + cells were much less numerous than ED2 + cells. Occasionally, a few ED1 + cells were observed periductally or rarely at peri-islet sites (Fig. 1S) .
Approximately 14-21 days before onset of diabetes, the first sign of mononuclear cell infiltration was observed in diabetes-prone animals at periductal, perivascular, and periislet sites in some lobules (Fig. 1C) . Further analysis with serial sections revealed that this infiltrate consisted mainly of ED1 + cells (Fig. 1, D and £) . Initially this was focal, with most islets in one pancreatic lobule showing some degree of peri-islet infiltration (Fig. 1D) , whereas islets in adjacent lobules could appear unaffected. This initial accumulation of ED1 + cells at perivascular locations was not a nonspecific consequence of the biopsy, because it was never observed in sequential biopsies from normal Wistar or diabetes-resistant BB rats. The recruited ED1 + cells then proceeded to infiltrate islets within affected lobules (Fig. 1F) . In all cases, most initially infiltrating cells appeared to be ED1 \ with substantial numbers of T-lymphocytes (OX19 + ), including helper T-lymphocytes (OX19 + , W3/25 + ), NK cells (OX8 + , OX19"), and B-lymphocytes (OX33 + ) seen only subsequently at -10-14 days before the onset of diabetes. Progressive spreading of this insulitis process from lobule to lobule will eventually result in overt diabetes.
These results support the observations of Kolb et al. (6), who have described "single-cell insulitis" early in the prediabetic period, which on electron microscopy appeared to consist mainly of macrophages. Other ultrastructural studies have described macrophages containing ingested p-cell debris within islets of diabetic BB rats (7) . In addition, the prominent appearance of ED1 + macrophages in the perivascular infiltrates associated with experimental allergic encephalomyelitis, another autoimmune disease (8), agrees with our observations.
It has been reported that the administration of silica, which blocks macrophage function, can prevent the onset of diabetes in BB rats (9) . Our findings, together with the evidence cited, would suggest a possible role for macrophages in the pathogenesis of IDDM in the spontaneously diabetic BB/E rat. The precise nature of this role is still unclear.
Interestingly, a recent article has postulated that a population of intravascular monocytes may induce venular leakage and hence allow enhanced diapedesis of lymphoid cells from the circulation into the pancreas of susceptible BB rats (10). We speculate that this population of intravascular monocytes may correspond to ED1 + cells, because ED1 but not ED2 stains most peripheral blood monocytes (4), and ED1 + cells have been seen trapped in the vascular endothelium of Wistar rats (11). Having infiltrated the islets, ED1 + cells may release cytokines, e.g., interleukin 1 (IL-1) and tumor necrosis factor, which may be cytotoxic to islet (3-cells (12,13) and/or may, via these mediators, activate the endothelial cells of pancreatic venules and ducts to bind increased numbers of lymphocytes (14). The infiltrating lymphocytes could then be attracted to islets already infiltrated by macrophages by a chemotactic gradient of IL-1 (15). Within the infiltrated islets, presentation of p-cell-specific antigens by ED1 + OX6 + macrophages to MHC class I Irestricted helper T-lymphocytes may serve to initiate further immune mechanisms leading to the specific destruction of islet p-cells.
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